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To whom it may concern: 

Attached is a research proposal we are submitting to the CALFED Bay-Delta Program entitled 
“Contaminant-source control in the watershed: an evaluation of the in situ removal of mercury 
from groundwater using permeable reactive barriers (PRBs)”. This proposal includes 
collaboration from local California organizations including Homestake Mining Corporation, 
Geochimica, Inc., TRC and an independent consultant (R. Gauss). This is a joint venture 
partnership with the University of Waterloo coordinating the project. 

This proposal describes a series of column experiments that will be conducted solely in a 
laboratory on Homestake Mining Company property, using site groundwater. The column setup 
is self-contained and small-scale. The columns will be packed with reactive materials previously 
identified as being potentially effective useful for removing mercury from groundwater. Full 
treatment of the dissolved mercury is expected within the reactive materials. Due to the nature of 
these laboratory research experiments, we believe the proposal is exempt from the local 
government notification requirement. 

As indicated in their attached letter of support, Homestake Mining Company has agreed to 
provide full use of their facilities on the McLaughlin Reserve, including the Knoxville and 
McLaughlin Mine sites situated within the Reserve. 

Thank you for considering our application for CALFED funding. We look forward to hearing 
from you. 

S i n c e Y i L  ~ 

4 

David Blowes 
Professor, Department of Earth Sciences 
Institute for Groundwater Research 

Phone: (519) 888-4878 
Fax: (519) 746-3882 
Email: blowes@sciborg.uwaterloo.ca 
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May 11,2000 

CALFED Bay-Delta Program Office 
1416 Ninth Street, Suite 1155 
Sacramento CA, 95814 

RE: Research Proposal “Contaminant-source control in the watershed: an evaluation 
of the in situ removal of mercury from groundwater using permeable reactive 
barriers (PRBs)” 

Dear Sir/Madam: 

On behalf of Dr. D. Blowes of our Institute for Groundwater Research (IGR), please find 
enclosed the proposal for the above referenced project. 

Our office provides the administration, legal and financial personnel necessary to handle all 
authorized research proposals and contracting activities. The University of Waterloo is a 
corporation, and a public institution, in Canada, and is required to conform to the statutes and 
regulations of the Federal Government of Canada and the Provincial Government of Ontario. 
We are bound to act according to the requirements of the Canadian Bill of Rights and such 
other labour laws, including employment opportunity statutes and regulations, as may apply. 

Judy Brown, Senior Contracts and Industrial Grants Manager will be pleased to negotiate the 
applicable terms and conditions in detail to cover this research activity. Judy Brown’s 
business card is enclosed. 

If you have any questions of a technical nature please contact Dr. David Blowes at (519) 888- 
4567 ext. 4878. Questions of an administrative, legal or contractual nature can be addressed 
to Judy Brown at (519) 888-4567 ext. 2022. 

Sincerely, 

Brenda Hecner 
Manager, Contracts and Industrial Grants 

Encl. 
Cc: Dr. David Blowes, IGR 
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CALFED Proposal Title: 
Contaminant-source control in the watershed an evaluation of the in situ 
removal of mercury from groundwater using permeable reactive barriers 
(PRBS) 

Amount requested: $208,235 
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Independent Consultant, Santa Rosa, CA 
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EXECUTIVE SUMMARY 

The use of permeable reactive barriers (PRBs) for passive treatment of contaminated 
groundwater has been shown to be a viable cost- and technically effective alternative to 
conventional remedial technologies such as pump-and treat technology. PRBs are designed to 
intercept entire plumes of contaminated groundwater and typically consist of reactive material 
that has been installed in an excavated trench or cavity to replace original aquifer material. As 
groundwater flows through the reactive material, contaminants are degraded or removed within 
or down gradient of the PRB by one or a combination of physical, chemical or biological 
processes. In cooperation with the Homestake Mining Company, Lower Lake, CA, preliminary 
laboratory batch experiments have demonstrated the removal of mercury from groundwater 
using reactive materials suitable for use in a PRB system. Mercury is a common contaminant in 
the San Francisco Bay/Sacramento San Joaquin Delta Estuary and has several sources including 
discharges from natural springs and from anthropogenic mining and metal-refining facilities. 
This research proposal outlines a field-column study that will be undertaken at Homestake’s 
Knoxville Mine Site. The project objectives are 1) to identify suitable reactive materials that can 
treat mercury in groundwater, 2) to identify processes that may limit the long-term effectiveness 
of the reactive material, and 3) to identify implications of the field-column testing for potential 



use as a PRB system in the ground. The experiments will be conducted under groundwater flow 
conditions typical of the site, and with native site groundwater that contains dissolved mercury. 
This study will include a detailed analysis of the pore water in the columns including influent 
and effluent concentrations, mineralogical analysis of the reactive materials at completion of the 
experiments, and geochemical modeling of the waters. It is anticipated that a suitable reactive 
material or mixture will be identified that could be used in PRBs to remove mercury from 
groundwater. 

The technology has the potential to provide excellent source-zone control at sites where 
mercury is being discharged from groundwater to surface water, and at sites where appropriate 
construction techniques can be applied. The technology offers the advantage of operating in a 
passive manner for years to decades, and would decrease operational and maintenance demands 
of active pump-and-treat systems and the associated above ground water treatment and control 
facilities. 

The proposed project has both direct and indirect applicability to a number of the 
CALFED Bay Delta Programmatic Goals. In particular, this proposal provides the rationale and 
procedure for a field program to evaluate the potential for mercury discharges into the delta 
system and is directly applicable to CALFED water quality programmatic goals. As summarized 
in the CALFED Bay-Delta Program, Water Quality Program Plan, mercury levels of certain 
species of fish in the Delta are at sufficient concentrations to warrant fish advisories for human 
consumption. Data collected from this effort will provide the added benefit of additional 
quantitative data on groundwater mercury levels that can be used by other scientific efforts to 
evaluate the ecological impacts form mercury discharges. This may include human and 
ecological health risk assessments, including and evaluation of potential impacts to threatened 
and endangered aquatic species. 



A. Project Description 

1. Statement of the Problem 
la. Problem 
The CALFED Bay-Delta Program and previous initiatives have identified mercury as a key 
contaminant that has a negative impact on the quality of water, sediments and terrestrial and 
aquatic habitats in the San Francisco Bay! Sacramento-San Joaquin Delta Estuary. The sources 
of mercury in the watershed, Estuary and Bay include discharges from natural springs and from 
anthropogenic mining and metal-refining facilities in the Central Valley. The quality of water 
and sediment throughout the watershed has been evaluated in the Draft Programmatic EISELR 
Technical Appendix, Water Quality Program (CALFED), June 1999. The Appendix confirms 
the introduction of mercury from various sources within the watershed, and indicates the relative 
importance of current and former mining activities. Natural geothermal waters also may be a 
source, and it is likely that such geothermal waters are the late-stage manifestation of the 
hydrothermal flow systems responsible for the Late Tertiary mercury mineralization of the Coast 
Range zone. Where sources originate in the subsurface, and groundwater transport and discharge 
to surface water is the pathway for mercury introduction to the surface water in the watershed, 
groundwater control technologies could improve environmental management programs to 
minimize the release of mercury from these sites. 

lb.  Conceptual Model 
Typically the control of plumes of contaminated groundwater has been achieved using 

active pump-and-treat systems. These require continuous inputs of energy, supervision, 
monitoring and maintenance, and also require that the recovered groundwater be treated and 
discharged within the strict terms of water-discharge permits. The use of permeable reactive 
barriers (PRBs) for the passive, in situ interception and treatment of contaminated groundwater 
has been demonstrated to be a viable and economical alternative to conventional active remedial 
technologies such as pump-and-treat in many environmental control and management programs. 
PRBs are designed to intercept entire plumes of contaminated groundwater and typically consist 
of reactive material that has been installed in an excavated trench or cavity to replace original 
aquifer material. As groundwater flows through the reactive material, contaminants are degraded 
or removed within or down gradient of the PRB by one or a combination of physical, chemical or 
biological processes. PRBs have the potential to remove mine-waste effluent, electroactive 
metals, and nutrients such as phosphate and nitrate, and industrial organic contaminants from 
groundwater. PRBs offer the advantage of removing or stabilizing the contaminants in the 
groundwater in close proximity to their source, potentially without the point-source 
complications of an engineered reactor or other conventional water-treatment system. Experience 
gained through field and commercial scale demonstrations and applications has confirmed that 
PRBs can achieve appropriate removal of contaminants from groundwater prior to its discharge 
to receiving surface water or arrival at another critical-receptor point. 

Preliminary laboratory investigations conducted by the University of Waterloo ( U W )  in 
cooperation with Homestake Mining Company have indicated very good prospects for the 
removal of mercury from groundwater at the Knoxville site using reactive materials in a PRB 



systems. The initial laboratory work was performed using site groundwater from the Knoxville 
Mine. Further assessment and demonstration of the groundwater-treatment technology is 
warranted prior to its application at the field-scale. This proposal to the CALFED Bay-Delta 
Program seeks funding to extend the laboratory bench-scale tests to evaluate the removal of 
mercury from groundwater under dynamic flow conditions in field columns. The field columns 
will be set up at in a small temporary building at the Knoxville Mine, and will operate using 
groundwater containing elevated concentrations of mercury. The columns are approximately 40 
cm (1.25 ft) in length and 5 cm (2in) in diameter. Flow through the column will be of the order 
of 0.5 L (0.12 gallons) per day. The test site will be situated within the catchment of active water 
control and management facilities at the site. The results of the column tests will help calibrate 
working hypotheses regarding the potential success of PRB technology for in situ treatment of 
mercury-contaminated groundwater to levels that are acceptable from a human and ecological 
health perspective. If the field column tests are shown to be successful, a subsequent proposal to 
CALFED or another program will seek support for a field-scale PRB demonstration. 

IC. Hypotheses Tested 
The in situ treatment technologies for electroactive metals, such as chromium, arsenic, 

selenium, uranium and mercury, were conceived and developed at UW. The PRB technology for 
the treatment of metal and inorganic contaminants in groundwater has been patented (Canadian 
Patent Number 2,062,204 (July 7,1998); U.S. Patent 5,362,394 (Nov. 8,1994), U.S Patent 
5,514,279 (May 7,1996)). A European Patent application (#92103559.8) was filed on March 12, 
1992. UW holds these patents. 

PRB technology has been applied to the treatment of metals and other inorganic 
contaminants in groundwater. A zero-valent iron barrier was installed at Elizabeth City, NC, for 
the removal of chromium (VI) and several chlorinated solvents in 1996. The PRB was 45 m in 
length, 0.6 m in thickness and 6 m in depth and has provided excellent treatment of Cr (VI) since 
installation. Cr (VI) concentrations have decreased from as much as 10 m g L  in the influent 
groundwater to less than 0.01 m g L  within the PRB, and the system continues to provide 
excellent groundwater system four years after its installation (Blowes et al. 1997; 2000abc). 

PRB technology can also be used to intercept and treat acid-mine drainage (AMD) in 
groundwater. The reactive material contains organic carbon, and is designed to promote sulfate 
reduction and the subsequent precipitation of metal sulfide minerals. The prototype barrier was 
installed in an aquifer affected by drainage water derived from a sulfidic mine tailings 
impoundment in the Sudbury area, Ontario. The wall, which was installed in August 1995, was 
15 m in length, 4 rn in thickness , and averaged 3.6 m in depth. The reactive media was a 
mixture of organic matter and carbonate containing gravel, and was bounded on the up-gradient 
and down-gradient faces of the wall by coarse sand. The wall has been successful in promoting 
microbially mediated sulfate reduction, and the subsequent precipitation of iron and other metal 
sulfides. In groundwater within the wall, sulfate concentrations decreased from 2400 to 4600 
m g L  to 200 to 3600 mgL, iron concentrations decreased from 250 to 1300 m g L  to 1 to 40 
m a ,  pH increased from 5.8 to 7.0 and alkalinity increased from less than 50 m g L  as CaC03 to 
600 to 2,000 m a .  The capacity of the groundwater to generate acidity upon discharge to 
surface water or ground surface has been significantly decreased (Benner et al. 1997; 1999). 



The first commercial, field-scale PRB system was installed in 1994 at an industrial site 
(Interstil, Inc.) in Sunnyvale, CA (Yamane et al. 1995). The PRE3 system was installed to treat 
chlorinated volatile organic compounds (VOCs) in groundwater by reductive dechlorination. The 
treatment zone, which contained zero-valent iron, was approximately 6 m (20 ft) in length, 1.2 m 
(4 ft) thick, and approximately 12 m (40 ft) in depth. Groundwater flow was directed to the 
treatment zone by two lateral low-permeability slurry-wall barriers. The PRB replaced a 
previously existing pump-and-treat system and the above ground treatment and water discharge 
facilities. The PRB has continued to achieve remedial objectives, which are California 
Department of Health Services Maximum Contaminant Levels (MCLs), and has operated in a 
passive mode for more than five years. It is apparent that PRB systems can operate successfully 
for years to ten years or more with very modest requirements for maintenance. Ultimately, 
however, there may be a need to rejuvenate or replace the reactive media in the PRB system. 

At the laboratory scale, excellent removal of arsenic, selenium and uranium, in addition 
to chromium, has been achieved in dynamic flow-through columns. The columns have typically 
been operated for periods of several months using groundwater from the sites of concern. The 
site water has commonly been amended prior to use to increase the concentrations of the 
contaminants of concern. Although a variety of potential reactive media have been evaluated, 
zero-valent iron has generally provided the greatest degree of metal removal. The metals, which 
can be removed to concentrations of parts per billion or less, are typically present at 
concentrations below their respective MCLs in effluent from the laboratory- and field-scale 
systems. PRB systems to remove uranium have been installed at three US. Department of 
Energy facilities. Field-scale systems are being considered at other industrial and mine sites for 
the treatment of arsenic and selenium in groundwater. 

Preliminary laboratory batch testing at UW has indicated that the removal of Hg from 
solution to very low levels is sufficiently rapid using readily available reactive media to warrant 
further bench-scale evaluation of the PRB technology for remediation of mercury-contaminated 
groundwater. UW conducted two series of static batch tests to evaluate the removal of mercury 
from solution in the presence of zero-valent iron. The testing was conducted using groundwater 
from the Knoxville Mine, which is situated in the California Coast Range. The water was 
amended with an inorganic mercury salt to increase mercury concentrations prior to testing. 
Initial concentrations of mercury were several tens of mg/L in one series of tests, and of the order 
of 0.2 mg/L in the other. The solid materials in the reaction vessels consisted of a 50:50 mixture 
of zero-valent iron and aquifer sand, and the mass of iron was approximately 0.1 of the mass or 
volume of water. In the high-concentration tests, Hg concentrations decreased from several tens 
of mglL to approximately 0.1 mg/L within 3 to 6 days and to less than 0.03 mgK within tens of 
days. In the second series of tests, the concentration of Hg decreased from approximately 0.2 
mglL to approximately 0.02 mg/L within 4 to 6 hours. Geochemical modeling suggested that 
mercury is removed from solution in conjunction with the precipitation of other mineral phases, 
most likely femhydrite or related iron oxyhydroxides. Further laboratory testing has confirmed 
that removal of mercury to concentrations of less than 0.0005 mg/L can be achieved in the batch 
reaction vessels (Figure 1). 



Id. Adaptive Management 
The proposed project will evaluate the potential applicability of PRB technology for the removal 
of mercury from groundwater. If applicable, the technology could ultimately be adapted to 
reduce discharges of mercury from groundwater to surface water at key sites in the watershed. 
This is an important goal (Sediment and Water Quality) of the CALFED Ecosystem Restoration 
Program. The project will be undertaken in the field at a site within the watershed. The primary 
objective of the project is to evaluate the performance of the PRB technology at this targeted but 
representative research scale, and to use the results as appropriate to develop plans for 
subsequent demonstration or field-scale restoration systems. 

le. Educational Objectives 
The field-column evaluation program is intended to indicate the viability of the use of PRBs for 
the removal of mercury from groundwater prior to its discharge to surface water. The results of 
the project will form the basis of presentations at scientific meetings by various participants 
within a one-year period following the start of the project. Meetings in California, and the Bay 
and watershed area in particular, will be selected. The project and results may also form the basis 
for scientific, peer-reviewed publications, but it can be anticipated that such publications would 
not appear for at least a year after the completion of the field-column project. The project will 
also be reported in a format suitable for inclusion in a local community newspaper. The 
implications of the project to the environmental management of mercury sources in the 
watershed will be incorporated in this report. Public education and interaction with the local 
community will form an important component of any subsequent proposal for a demonstration or 
field-scale PRB. 

2. ProposedScopeofWork 
2a. Location and Geographic Boundaries 

The Knoxville Mine is located in Lake County, within the Putah Creek Watershed, one 
mile southwest of the McLaughlin Mine (UTM Zone 10, N 4298061, E 556260, Figures 2 and 
3). Putah Creek drains to the Yolo Basin via Lake Berryessa, but the Mine is located to the west 
of the Yolo Basin Ecological Management Zone. 

2b. Approach 

Field-Column Studies: 

Objectives: 
The overall objective of the proposed field column-testing project is to assess the 

applicability of PRBs for removing dssolved mercury and other metals from groundwater at the 
Knoxville Mine Site, Lake County, California. The specific objectives of the project are to: 
1. Evaluate reactive mixtures for the removal of dissolved mercury and other metals from 

the site water under dynamic flow conditions. Preliminary laboratory batch tests indicate 
that mercury can be removed by surface reactions of reactive media such as iron. The 
cost of iron is quite high, so the use of other less expensive reactive materials in mixtures 



with iron will be evaluated with respect to their mercury-removal capabilities and 
biogeochemical side effects. An important aspect of the evaluation will focus on the 
mercury-removal mechanisms. In particular the columns will be monitored in a manner 
to facilitate the determination of the form of mercury in the reactive materials through 
detailed chemical analyses and geochemical modeling. The potential for the generation of 
methylated mercury compounds within the reactive materials will also be explored. 

2. Identify chemical and physical processes that may limit the long-term effectiveness of the 
treatment system. In particular issues related to the effect of pH changes arising from the 
interaction between the site groundwater and the reactive media will be evaluated. The 
influence of microbially mediated sulfate reduction reactions, which may occur within 
the reactive mixtures, will also be assessed. The precipitation of secondary minerals such 
as carbonates, iron oxyhydroxides, and metal sulfides in the PRB will also be evaluated 
because these may influence the porosity, permeability, reactivity and potential longevity 
of a PRB in the field. 

3. Identify the implications of the results of the field-column testing to the potential use of 
PRBs in the control and remediation of groundwater contaminated with mercury. If the 
prospects for successful remediation using PRBs continue to look promising, a proposal 
will be prepared for CALFED or other agency or company to fund the installation and 
monitoring of a field-scale PRB system. 

Selection of the Reactive Mixture: 
A suitable reactive substrate for a PRB must: 1) be sparingly soluble; 2) react with the 

contaminant on time scales less than the residence time of the groundwater within the barrier; 3) 
be inexpensive; 4) not produce toxic by-products; and 5) not decrease the permeability of the 
PRB or formation. Previous experiments at UW indicate that elemental iron and organic carbon 
may meet all of these requirements. 

Flow-Through Column Experiments: 
Laboratory batch and column test procedures were used to evaluate the applicability of the zero- 
valent iron for groundwater remediation at the Elizabeth City site (Blowes et al., 1997a,b). 
Similar column procedures are proposed here to evaluate the effectiveness of these processes for 
removal of dissolved mercury and other metals in groundwater from the Knoxville Mine Site. 
Column tests will be performed using reactive materials from commercial suppliers. The 
purposes of the tests are: 

1. To determine if zero-valent iron and mixtures of iron with organic carbon and/or 
aquifer sand promote the removal of mercury and other metals under the 
geochemical conditions present in the site groundwater. Five columns will be 
tested. The reactive materials in the columns will include: 

100% commercially available iron (Chicago). 
100% commercially available iron (California). 

50% iron and 50% compost (organic carbon). 
100% commercially available iron (Chicago) with influent 
concentrations of approximately 10 mg/L Hg total. 

2. To determine the mechanisms and consequences of the mercury-removal 
processes. The column with the high-concentration influent will improve the 

- 50% iron and 50% silica sand. 



prospects for analysis of the mercury-solid systematics in comparison to the lower 
concentration influent associated with the ambient site groundwater. 

3. To determine changes in the major ion chemistry of the water as it passes through 
the reactive materials, and to assess the effects of precipitation processes 
occurring within the reactive materials. 

4. To evaluate the long-term sustainability of the removal processes. 
5. To assist in the development of design criteria for construction of on-site in situ 

treatment systems. 

Materials and Methods: 
The field-column testing will occur adjacent to a groundwater monitoring well at the site. 

The columns will be housed in a small shed, and operated on top of a small laboratory bench. 
The shed will provide protection for the columns, and also serve as a field laboratory. The shed 
will be serviced with domestic AC electric current. 

The column apparatus, shown schematically in Figure 4, consists of a plexiglass tube 40 
cm long by 5.1 cm internal diameter, and fitted with influent and effluent end plates. The feed 
solution will be groundwater that will be delivered to the influent end of the column by a low- 
flow peristaltic pump. The influent for one column will be spiked with high concentrations of 
mercury (approximately 10 mg/L). This water will need to be stored in a 20 L glass vessel and 
maintained in an anaerobic state to minimize the precipitation of dissolved iron or other 
compounds prior to its introduction to the column. Samples of influent and effluent solutions can 
be collected from sampling cells at the respective ends of the column. Separate columns will be 
set up to each of the five reactive mixtures, and will be tested simultaneously. 
The initial velocity of water flow through the columns will likely be of the order of one column 
pore volume per day. This represents a groundwater velocity of approximately 40 cm (1.33 ft) 
per day. The velocity may subsequently be changed, depending on the degree of contaminant 
treatment being achieved and an indication of actual groundwater flow velocities at the site. 

2c. Monitoring and' Assessment Plans 
Samples will be collected from the influent and effluent lines 8 times at the initial flow 

rate before a decision to modify or maintain the flow rate will be made. Eh, pH and alkalinity 
will be measured in the field laboratory immediately following the collection of each sample. 
A11 samples will be analyzed for dissolved metals including mercury, major cations, and major 
anions. Profiles of the detailed water chemistry throughout each of the columns will be 
determined at least once while the initial flow rate is being used, and at later times during the 
experiment Supplementary sampling may also be conducted to assess specific details of mercury 
chemistry. 

The proposed column tests will be run for at least 50 pore volumes. The proposed 
sampling frequency for the influent and effluent solutions will be every five pore-volumes during 
the test. The purpose of sampling the influent water is to provide information to determine 
whether geochemical changes have taken place in the influent water over time. The effluent 
samples will be collected and analyzed to assess the removal efficiency for dissolved 
contaminants, as well as to provide geochemical information to aid in the interpretation of the 
removal mechanisms. 



Monitoring of the columns will include a complete record of flow, and documentation of 
the geochemical changes in water chemistry with time within the reactive media. As noted, Eh, 
pH and alkalinity of water samples will be measured in the field at the time of sample collection. 
Chemical analyses of water samples will include anions by Ion Chromatography (IC), metals and 
cations by Inductively Coupled Plasma (ICP-AES and ICP-MS), and mercury species (Hg (0), 
Hg (I), Hg (II), methyl and dimethyl Hg). The mercury analyses will be conducted by Frontier 
Geosciencs, Inc. (Seattle, WA), and the anion, cation and metal'analyses will be performed at 
both UW and Frontier. 

Solid-phase mineralogical assessment of the column material will be conducted at the 
completion of the column tests. This will be conducted at UW using traditional mineralogical 
analysis methods (reflected light microscopy) in combination with surface-analysis methods 
(secondary electron microscopy-SEM; energy-dispersive X-ray analysis-EDX; electron probe 
microanalysis-EPMA; X-ray photoelectron spectroscopy-XPS; Raman spectroscopy; and Auger 
electron spectroscopy-AES). 

2d. Data Handling and Storage 
Data will be stored in digital and hard-copy form. Data will include characteristics of the reactive 
media, column water flow records, and all analytical results. The performance of the columns 
will be assessed with specific reference to their ability to remove mercury from water. 
Furthermore, geochemical speciation calculations will be conducted with the water chemistry 
data collected from the column tests to provide information to aid in the interpretation of the 
dissolved metal removal mechanisms. The calculations will be made using a geochemical 
speciatiodmass transfer code such as MLNTEQA2 (Allison et al., 1990). The MJNTEQA2 data 
base will be modified by adding more recent thermodynamic data reported in the literature (e.g. 
Nordstrom et al., 1990; Ptacek et al., 1994). The mineral saturation indices and solid phase 
monitoring will allow us to construct a feasible set of geochemical reactions that will occur 
within the reactive banier as well as down gradient from the barrier. The geochemical evolution 
of the dissolved and solid-phase constituents of the treatment columns will also be evaluated 
using a reactive transport and groundwater flow model (MLN3P) (Blowes et al. 2000~). This 
model will be used to simulate the observed chemical changes in the column, and to assist in 
assessing the longer-term performance and treatment potential of the columns. This type of 
analysis is necessary to provide some predictive capability for use of the technology in field 
systems. 

2e. Expected Products/Outcomes 
Projects similar to that proposed here have been used to evaluate the removal of electroactive 
metals from groundwater prior to the installation of effective field-scale PRB systems. The 
preliminary laboratory results for the removal of mercury from Knoxville Mme groundwater by 
reactive iron suggests that the field-column program will demonstrate that PRB technology can 
remove mercury from groundwater under dynamic flow conditions. Furthermore, the program 
has sufficient scope to confirm that the removal processes convert mercury to reduced, stable and 
low-solubility solid phases and that the reaction processes are rapid and can be sustained for long 
periods of time. The results of the study, when used in conjunction with reactive solute transport 
modeling, can be used to define design parameters for the Knoxville h h e  or other sits in the 
region. This information is required to support decisions regarding the installation of 
demonstration or full-scale PRB systems for mercury treatment in groundwater. The proposed 



project has a realistic schedule, and can achieve its stated goals. In the longer term, PRB 
technology may provide an effective approach to the control of mercury discharge to surface 
waters, an important objective of the CALFED Program. The targeted research described in this 
proposal is a necessary step to evaluate potential applicability of this environmental remedial 
technology. 

2f. Work Schedule 
The column tests and supporting field and analytical work will be conducted over a one-year 
period following approval of the project. This includes allowances for approximately: 2 months 
to set up the columns; 3 months to complete the column tests on site; 4 months to complete the 
chemical analyses and supporting laboratory tests, mineralogy and geochemical modeling; and 3 
months to complete the final report and summarize the implications of the program for a field- 
scale PRB system. 

2g. Feasibility 
The proposed project builds on previously demonstrated technology evaluation techniques in 
combination with specific and promising results for the removal of mercury from groundwater. 
The project has an experienced and highly qualified scientific and technical implementation staff 
and advisory team. The project has received a strong commitment from Homestake Mining 
Company that includes the necessary access to the Knoxville Mine field site and the provision of 
supporting infrastructure. The project will take place entirely on a private facility, avoiding the 
need for government notification. The project is essentially non-intrusive and does not require 
major construction or facilities. The schedule is intense but realistic. Because it does not rely on 
external contractors, the project can be initiated with no delay following notification of award. 
The field-column project has no potential negative environmental consequences, and will use 
approximately 500 L (125 gallons) of site groundwater during the three months of column use. 
Furthermore, the team is not restricted in its access to the patented PRB technology for the 
purpose of this project. 



A. Applicability to CALFED ERP Goals and Implementation Plan and CWIA Priorities 

1. ERP Goals and CVPIA Priorities 

The mission of the CALFED Bay-Delta Program is to develop a long-term plan to restore 
ecological health and improve water management of the Bay-Delta System. The proposed 
project focuses on bench-scale testing to evaluate a potential corrective measure to reduce 
mercury discharges to the watershed in close proximity to the source of the contaminants. The 
project specifically targets Strategic Goal 6 (Sediment and Water Quality) of the Ecosystem 
Restoration Program. Through the reduction of releases of mercury and other contaminants, 
water and sediment quality can be improved, and the potential negative impacts on human and 
ecological health can be decreased. 

The proposed research project directly responds to technical and policy information 
needs identified in the Draft Programmatic EISEIR Technical Appendix on Water Quality 
(Appendix 4) for the CALFED Delta-Bay Program. The proposed project has both direct and 
indirect applicability to a number of the CALFED Bay Delta Programmatic Goals. In particular, 
this proposal provides the rationale and procedure for a field program to evaluate the potential 
for mercury discharges into the delta system and is directly applicable to CALFED water quality 
programmatic goals. As summarized in the CALFED Bay-Delta Program, Water Quality 
Program Plan, mercury levels of certain species of fish in the Delta are at sufficient 
concentrations to warrant fish advisories for human consumption. Data collected from this effort 
will provide the added benefit of additional quantitative data on groundwater mercury levels than 
be used by other scientific efforts to evaluate the ecological impacts form mercury dmharges. 
This may include human and ecological health risk assessments, including and evaluation of 
potential impacts to threatened and endangered aquatic species. 

The proposed program would address: - Sources and transport of mercury. A source-control technology will be evaluated at 
the bench-scale in the field. 
Transformations of mercury that are relevant to boiavailability. The removal of 
mercury from groundwater prior to its discharge to surface water will reduce the 
influx of mercury to the watershed. The fate of mercury in the PRB systems remains 
to be confirmed, but there is good evidence that a very significant portion of the 
mercury within the treatment systems will not be bioavailable. 
Approaches to cost-effective treatment that controls mercury concentrations at or very 
close to their sources. This is an important premise influencing the development and 
testing of PRB technology. 

2. Relationship to Other Ecosystem Restoration Projects 

The University of Waterloo and other members of the project team are new to the CALFED 
Program, having been brought recently into the process by Homestake Mining Company. We 
would be pleased to evaluate how this field test could be coordinated with other ERPs as data on 
the PRB-technology’s performance is generated. 

3. Requests for Next Funding Phase (N/A, Not Applicable) 



4. Previous Recipients of CALFED or C W I A  funding (??/A) 

5. System-wide Ecosystem Benefits 

Although the project deals with targeted bench-scale evaluation of PRB technology using field 
columns, the technology does exhibit excellent promise for the control and removal of mercury 
and other metals from groundwater in close proximity to the source of contamination. The 
technology could prove to be broadly applicable to reducing the loading of mercury and other 
metals to the surface water and sediments within the Delta-Bay system. This could improve the 
water and sediment quality, and decrease negative impacts to human and ecosystem health. 

B. Qualifications: 

The University of Waterloo, in co-operation with Homestake Mining Company, Geochimica, 
Inc., Ray Krauss and TRC, will conduct the field column-testing project. This team has 
previously worked together on the preliminary laboratory testing to examine the potential 
removal of mercury from groundwater using reactive materials. The Principal Investigator will 
be Dr. David Blowes. Dr. Blowes is a Member of the Institute for Groundwater Research and 
Professor in the Department of Earth Sciences, University of Waterloo, Waterloo, Ontario, 
Canada. Dr. Blowes’ research interests focus on the fate of inorganic contaminants in 
groundwater flow systems and the development of passive geochemical systems for remediation 
of contaminated groundwater. He holds six patents related to remediation techniques for 
contaminated waters. He has worked for more than 20 years on projects pertaining to the 
occurrence, fate and remediation of contaminants associated with mining facilities. He has been 
an active participant on more than 20 projects in the past five years dealing with the in situ 
treatment of groundwater containing metals and other inorganic contaminants. He was the 
Principal Investigator for the PRB installed to treat acid-mine waters in the Sudbury area in 1995 
and for the chromium-treatment PRB installed in co-operation with the U.S. Environmental 
Protection Agency in Elizabeth City, NC, in 1996. HIS research staff, several of who have 
advanced degrees in the environmental sciences, also have extensive experience PRB-related 
projects. 

Dean Enderlin is the Senior Environmental Engineer at Homestake Mining Company’s 
McLaughlin Mine, Lower Lake, CA. He has 15 years experience in the mining industry with 
Homestake and is currently head of the Environmental Department at the McLaughlin Mine. Mr. 
Enderlin has oversight responsibility for the environmental management program at the 
Knoxville Mine. He has an extensive knowledge of the environmental monitoring and water 
treatment initiatives that have been implemented. 

Mark Logsdon is the Principal Geochemist at Geochimica Inc., Ojai California. He is a 
hydrogeochemist with more than 25 years experience in environmental geochemistry, 
specializing in the metals mining research field. Recent work has focussed on mining-related 
issues in Central California. 

\ 



Raymond Krauss, is an independent consultant from Santa Rosa, CA, and is currently employed 
by Homestake in a consulting capacity. A former Environmental Department head at the 
McLaughlin Mine, he brings many years experience to the team on issues related to 
environmental management and compliance. 

The TRC Consultants are Dr. Ian Hutchinson, Denver, CO and Deems Padgett, Concord, CA. 
Dr. Hutchison is Senior Vice-president at TRC and is TRC’s national director for mining 
projects. Mr. Padgett is currently a Project Director at TRC’s Northern Califomia office, and has 
completed mine reclamation projects, which included water quality programs to monitor, detect 
and mitigate acid rock drainage and eliminate recurring impacts to local watersheds. 

University of Waterloo personnel will perform the field column experiments tests at the 
Knoxville Mine, CA. During this past decade, UW has conducted extensive, laboratory-based 
research to assess the degree and mechanisms of remediation for various electroactive metals and 
radionuclides. UW will employ similar techniques to those used in the laboratory to evaluate the 
performance of the field columns. Selected sample analyses, including mineralogical and surface 
characterization, and geochemical modelling will be conducted through UW. The UW Office of 
Research will provide contractual and financial administrative services. 

Frontier Geosciences Incorporated (Seattle, WA) and UW will provide analytical chemical 
services. 

Homestake Mining Company will provide: 
access to the Knoxville Mine site; 
provision of electrical services to the field laboratory building,; 
reduced costs for lodgings for field staff; and - data and information pertinent to the occurrence and fate of mercury in the subsurface 
generated in the years (decades) in which environmental management and monitoring 
programs have been in place at the Knoxville Mine. 
A representative (Dean Enderlin, Sr. Environmental Engineer) on the project steering 
committee. 

, The remaining participants (Geochimica, Inc., R. Krauss and TRC) have extensive 
experience dealings with the Knoxville Mine through their provision of environmental, 
geohemical and hydrogeological consulting services to Homestake. Each will also serve on the 
steering committee for the project. 



C. Proposed Budget (Costs are in US. $) 

Column Tests to Assess Removal of Mercury and Other Metals 

Task 1. Evaluate reactive mixtures for the removal of dissolved mercury from site water. 
Task la. Column experiments at Knoxville Mine. 
Task Ib. Analyze and evaluate data. 

Task 2. Identify chemical and physical processes affecting the treatment system. 
Subtask 2a. Geochemical modelling of column samples. 
Subtask 2b. Mineralogy of reactive materials. 

Task 3. Identify implications from column testing for use of PRBs in remedating dissolved Hg. 
Subtask 3a. Geochemical modelling. 

Task PM. Project management. 

A. 

1. 

2. 

3. 

4. 

B. 

C. 

D. 

Salaries (University of Waterloo) 

Principal Investigator @. Blowes) 4,500 
(3*$1,000 Task 1,2,3 + $1,500 Task PM) 
Research Hydrogeologist (D. Smyth 4 months @ $3,75O/month) 15,000 
(2 months Task la,b + 2 months Task PM) 
Research Hydrogeochemist (5.3 months@$3,000) 16,000 
(2 months Task la,b + 2.5 months Task 2a,b + 0.5 months Task 3 + 0.3 months Task PM) 
Technical Support (4 months@$2,000 ) 8,000 
(4 months Task la) 

Salary Total (A) $43,500 

Benefits on A (15%) $6,525 

Overhead (41.2% on Total of Salaries + Benefits (A+B)) $20,610 

Field Expenses, Materials and Supplies 

Task l a  - Column Studies 
1. Shed  Field Laboratory Building 
2. Columns - 5 columns @ $300 
3. Pump - 1 variable speed multi-channel pump 
4. EWpH Meters - 2 meters at $500 
5. Vehicle - rental 
6. Freight and courier charges 
7. . Air Fares 
8. Per D i e d  Living Allowance 

Sub-total 

3,000 
1,500 
2,000 
1,000 
3,600 
1,000 
7,000 
7,500 

$26,600 



Consumables and Supplies 
Task 1. ($1,500 Task l a  + $400 Task lb) 1,900 
Task 2. ($400 + $50 Task 2a + $100 Task 2b) 550 
Task 3. ($400 + $50 Task 3a) 2 

Sub-total $2,900 

Computer ($100 Task Ib f $450 Task 2a + $450 Task 3a) $1000 

Communications (3*$100 Task 1,2,3 + $200 Task PM) $500 

Total @) $31,000 

E. Analytical 

Task Ib -Data Analysis 
Frontier Geosciences Inc 
1. Hg (0), Hg (II) 160 samples @ $110 
2. MethylDimethyl Hg 80 samples @ $285 
3. ICP-MS 160 samples 63 $60 

17,600 
22,800 

9,600 

University of Waterloo 
4. Ion Chromatography, ICP-AES, AA (160 samples 63 $60) 9,600 

Subtotal $59,600 

Task 2b. Mineralogical and surface characterization $35,000 

Total (E) $94,600 

F. Meetings (Task PM -Project Management): 
1. Geochimica 2,000 

Krauss 2,000 
TRC 2,000 

\ Homestake 0 
Sub-total $6,000 

2. U W :  Air Fares 
Hotel 
Per Diem 
Vehicle/ Miscellaneous 

Sub-total 

4,000 
1,200 

400 
400 

$6,000 

Total (F) $12,000 

Total Field-Column Tests and Supporting Services $208,235 



rable 1. Annual and total budget for proposal "In situ removal 

Year Task Description Task 

Year 1 Task 1 removing Hg from groundwater 
Evaluate reactive mixtures for 

Subtask la  

Analyze and evaluate data Subtask l b  

Column experiments 

Task 2 
Identify chemical and physical 
processes affecting treatment -- 

Subtask 2a 

characterization Subtask 2b 

Geochemical modelling 
Mineralogical and surface 

Task 3 
Identify implications lrom column tesl 
to PRB use with Hg 

Project 
Management meetings 

Project management and team 
Subtask 3a Geochemical modelling 

-otai Cost Year 1 

-otal Project Cost 

2 $6,000 $900 $2.842.80 - $500 .___ $10,243 

$37,536 0.5 $1,500 $225 $710.70 $100 $35,000 

$1,000 $150 $- $500 $2,124 

0.5 $1,500 $225 $71 0.70 $500 $2,936 

2 $10,000 $1,500 $4,738.00 $12,000 $200 $28,438 

13 $43,500 $6,525 $20,610 $31,100 $6,900 $94,600 $5,000 $208,235 

$43,500 $6,525 $20,610 $31,100 $6,900 $94,600 $5,000 $208,235 



C. Local Involvement 

There will be little demand for the use of local contractors during the implementation of the 
field-column testing project. The materials that are required for the field laboratory structure will 
be purchased locally. The project will be undertaken with the prominent participation of 
Homestake Mining Company and its staff. In addition to Homestake, the collaborators on the 
project other than the University of Waterloo have a strong local presence. 

If the results of the field-column project are promising, demonstration or full-scale PRB systems 
may be installed in the watershed at a future date. Although the location, terms or funding for 
these PRB systems would need to be established, there may be significant opportunities for the 
participation of local contractors and companies to participate on these projects. 

D. Compliance with Standard Terms and Conditions 

The University of Waterloo agrees to comply with the standard terms and conditions of the 
CALFED Program. The University is also obligated to abide by the laws of Canada and the 
Province of Ontario. 
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Figure 1. Batch test results showing removal of mercury from Knoxville site groundwater using 
zero valent iron as the reactive material. In this preliminary experiment, the groundwater was 
spiked with additional mercury to increase the concentration to 490 pgL Hg. 
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Figure 1. Batch test results showing the removal of mercury from Knoxville site groundwater using 
zero valent iron as the reactive material. In this preliminary experiment, the groundwater was spiked 
with additional mercury to increase the concentration to 490 pg/L Hg. 
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Figure 3.Topographic map showing location of Homestake Mining Company’s Knoxville and 
McLaughlin Mines (Scale 1:25,000) (www.topozone.com). 
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GEOCHIMICA 

5 May 2000 

CALFED Bay-Delta Program 

Re: Letter Of Professional Support For Research Proposal, “Contaminant-Source 
Control In The Watershed: An Evaluation Of The In-Situ Removal Of Merculy 
From Groundwater Using Permeable Reactive Bam’ers (PRBs) 

To Whom It May Concern: 

My name is Mark J. Logsdon. I am a hydrogeochemist with more than 25 years 
experience with environmental geochemistry, particularly associated with metals 
mining. I have worked on more than 175 mining projects across the United States and 
Canada and in Mexico, South America, Europe, Africa, Indonesia, Phillipines, and 
New Zealand. During the last fifteen years, I have been involved with a variety of 
mining-related evaluations in central California, for mining companies, the Central 
Valley Regional Water Quality Control Board, and in support of citizens groups. I 
have followed the broad CALFED activities, as well as specific research by the 
University of California at Davis and the U.S. Geological Survey. In addition, I am 
familiar with the geochemical and hydrological principals and the literature on 
empirical case studies of the use of permeable reactive barriers (PRBs) to remove 
metals (and other contaminants) from ground water. 

The origins, fate and management of mercury in the California Coast Ranges is a 
matter of local impact, but also is of regional and even national significance because of 
potential impacts on the Sacramento Delta and San Francisco Bay. Available data 
shows that there are multiple origins of mercury in the system, but it is clear that in 
many areas ground water is a significant transport pathway. 

The proposed research project directly responds to technical and policy information 
needs identified in the Draft Programmatic EIS/EIR Technical Appendix on Water 
Quality (Appendix 4) for the CALFED Bay-Delta Program. The proposed work 
would address: 

Sources and transport of mercury; 
Transformations of mercury that are relevant to bioavailability; 
Approaches to cost-effective treatment that controls mercury concentrations at 
or very close to their sources. 

Tel: (805) 640-8697 206 North Signal Street, Suite M, Ojai, California 93023 
Geochimica Inc., Consultants in Geochemistry 

Fax: (805) 640-9918 
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The technical basis for the PRBs has a sound and proven hydrological and geochemical 
foundation. The method has been used successfully for other redox-active metals in 
ground water, and there are site-specific data at bench scale to show that it may be 
effective for mercury in the Coast range environments, too. The technical team 
presenting the proposal are eminently qualified by training and experience, including 
direct experience with the technology and site-specific background. The proposal’s 
emphasis on source control in a watershed framework is especially well posed in terms 
of integrating geochemical and hydrological concerns. The coordination of the 
proposed research between the university of Waterloo and Homestake Mining 
Company’s McLaughlin Mine is a model for public-private cooperation that offers 
significant cost benefits to the proposal. Finally, the proposed location for the work is 
extremely well chosen in terms of logistical factors. 

I am pleased to offer my professional support for the proposal entitled, “Contamination 
- source control in the watershed: An evaluation of the in-situ removal of mercury from 
groundwater using permeable reactive barriers (PRBs).” 

If you have questions or require additional information, please contact me. 

Respectfully, 
GEOCHIMICA, INC. 

J 
‘ Mark J. Logsdon, Principal Geochemist 
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McLaughlin Mine 

May 10,2000 

TO: CALFED Bay-Delta Program 

RE: Research Proposal, ‘Contaminant-source control In the watershed an evaluation of 
the in sifu removal of mercury from groundwater using permeable reactive barriers 
PRWn 

To Whom It May Concern: 

the above research proposal, submitted by Dr. David Blowes and his staff from the University of 
This letter is to advise the CALFED Bay-Delta Program that our management supports 

Waterloo, Ontario, Canada. 

This proposal is in keeping with the goals o f  Homestake Mining Company’s McLaughlin 
mine to aaively participate in and support publidprivate collaborative research efforts that 
promote innovative approaches to issues related to watershed management and the ecological 
health of the region. As an active participant in watershed management in both the Cache Creek 
and Putah Creek watersheds, Homestake has demonstrated its interest in the past by supporting 
such activities, including ongoing aquatic ecology research at its Davis Creek Reservoir and 
local tributary streams. 

Dr. Blowes’ proposal is also in keeping with the mutual goal of Homestake Mining 
Company and the University of California Natural Reserve System (VCNRS) to encourage 
multi-disciplinary research at the McLaughlin mine site. The UCNRS and Homestake Mining 
Company are working together to encourage such activities, as the emphasis and use of the 
facility shifts from mining to ecological research in the next few years, Dr. Blowes’ proposal is 
a welcome addition to the buildins level of high quality research at the McLaughlin mine site, 85 

it undergoes its transition to become the Donald & Sylvia McLaughlin NWd Reserve. 

Homestake Mining Company funded the initial laboratory-scale testing of the local 

field-based study (as described in the above proposal) by providing full use of the facilities at the 
applicability of this technology in 1999. at a cost of $16,500, and is pleased to contribute to the 

\ McLaughlin Reserve for this next phase of research. 

If you have any questions, please feel free to contact me at 707-995-6070 e*t. 274. 

Sincerely, 

& O G X  
Dean A. Enderlin 
Senior Environmental Engineer 

Homeslake Mining Co., McLaughlln Mlne 
26775 Morgan Valley Road 
Lower Lake. CA 95457 

Telephone (707) 9956070 
FAX (707) 995-6978 
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May 11.2000 Project No. 99-0003-99 

University of Waterloo 
Department of Earth Scienccs 

Warerloo. Onmio, Canada 
200 University W e s t  

N2L-5G1 

SUBJECT: Letter of Professional Support for CALFED Bay Delta Research Proposal - 
“Contaminant-source control In the watershed: an evaluatlon of the In situ 
removal of mercury from groundwater using permeable reactive barriers 

To Whom It May Concern, 

The purpose of this letter is to identify that TRC and, in particular, Dr. Ian Hutchison, Ph.D., will 
provide professional support for the above referenced proposal. TRC is a national environmental 
consulting firm with extensive experience in mining projects on both a national and international 
basis. This hss included performance of numerous mine water quality related projects, with a 
primary focus on the impacts of unconmolled discharge of acid rock drainage, evaluation of  
environmental impacts from mztal laden mine waste, and focused analysis on the fate and 
transport of these chemicals and their discharge into the local watcrshcds. 

TRC was the Engineer of Record for the recently completed Penn Mine reclamation project in 
thc Sierra Ncvada foothills in California. In that capacity, TRC was responsible to evaluate, 
monitor and mitigate acid-rock drainage ( A R D )  from mine tailings at an abandoned mine site. 
The site reclamation was expedited to eliminate “fish kills” that had occurred as a result of 
uncontrolled ARD releases into the local watershed, which ultimately discharges into the 
California delta system. 

Dr. Ian Hutchison will provide technical guidmnca and peer revi,ew support services for this 
important project Dr. Ian Hutchison was the principal reviewer and editor for the Mine Warre 
Yanagenrent Manual, publisbed by the California Mining Association. This manual is a 
valuable resource. for mining industry professionals, regulators and consulting engineers 
involved in mine reclamation activities throughout the Western United States. 

If needed, Dr. Ian Hutchison will mobilize team resources from TRC’s Concord Office located in 
Northern California. Mr. Deems Padgett, R.G., is the Senior Manager in TRC‘s Concord office 
and will provide resource center and management support, as needed. Mr. Padgett was the 
Project Manager for the above described Penn LMine reclamation project. 

Q 
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. 
University of Waterloo 
May 11,2000 
Page 2 

In summary, we believe rhat completion of rhis proposal to evaluate the potential for mercury 
discharges into delta watersheds is an impomnt and b e l y  effort. We look.forward to 
supporting this projcct in a mcaningful capacity. 

Sincerely, 

r>&&+% c p r  
Deems C, Padgett, RG., C.E.G., W.G. 
Project Director 



Environmental Compliance Checklist 

All applicants must fill out this Environmental Compliance Checklist. Applications must contain answers to the 
following questions to  be responsive and to be considered for fundmg Failure to answer these atrestions and 
include them with the appIication will result in the apolication beinc considered nonresnonsive and not 
considered for fundine. 

1. Do any of the actions included in the proposal require compliance with either the California Environmental Quality Act 
(CEQA), the National Environmental Policy Act (NEPA), or both? 

YES 
-x- 
NO 

2. If you answered yes to # 1, identify the lead governmental agency for CEQNNEPA compliance. 

Lead Agency 

3. If you answered no to # 1, explain why CEQNNEPA compliance is not required for the actions in the proposal. 
This is a small-scale self-contained laboratory experiment. Impacts on the environment are not 
expected and no surface disturbance will occur. Groundwater collected from the Knoxville Mine 
site will be used in the column experiments conducted in the laboratory. Full treatment of the 
dissolved mercury is expected with the column reactive materials, however, any water exceeding 
discharge guidelines will be disposed of under Homestake Mining Company's environmental 
management system. 

4. If CEQNNEPA compliance is required, describe how the project will comply with either or both of these laws. 
Descrihe where the project is in the compliance process and the expected date of completion. 

5. Willthe applicant require access across public or private properly that the applicant does not own to accomplish the 
activities in the proposal? 

" 
YES 

-A- 
NO 

If yes, the applicant must attach written permission for access from the relevant property owner@). Failure to indude  
written permission for  access may result in disqualification of the proposal during the review process. Research and 
monitoring field projects for  which specific field locations have not been identified will be required to provide access 
needs and permission for  access with 30 days of notification of approval. 



6. Please indicate what permits or other approvals may be required for the activities contained in your proposal. Check 
all boxes that apply. 

LOCAL 
Conditional use uermit 
Variance 
Subdivision Map Act approval 
Grading permit 
General plan amendment 
Specific plan approval 
Reame 
Williamson Act Contract 

Other 

None required 

cancellation 

(please specify) 

CESA Compliance 
Streambed alteration permit 
CWA 8 401 certification 
Coastal development permit 
Reclamation Board approval 
Notification 
Other 

None required 

FEDERAL 
ESA Consultation 
Rivers & Harbors Act permit 
CWA 8 404 permit 
Other 

(please specify) 
None required 

(please specify) 

DPC = Delta Protection Commission 
CWA = Clean Waer Act 
CESA = Calikmia Endangered Species Act 
USFWS = US. Fish and Wildlie Service 
ACOE = U.S. A m y  Corps ofEngineers 

- 
- @PC, BCDC) 

., 

ESA = Endangered Species Act 
CDFG = California Depatment ofFish and Game 
RWQCB = Regional Water Quality Control Board 
BCDC= Bay Conservation and Development Comm. 



Land Use Checklist 

All applicants must fill out this Land Use Checklist for their proposal. Applications must contain answers to the 
following questions to be responsive and to be considered for funding Failure to answer these questions and 
include them with the application will result in the application bein? considered nonresponsive and not 
considered for findin?. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Do the actions in the proposal involve physical changes to the land(i.e. grading, planting vqetation, or  breeching levees) 
or  restrictions in land use (i.e conservation easement or  placement of land in a wildlife refuge)? 

YES 

If NO to # 1, explain what type of actions are involved in the proposal (i+, research only, planning only). 
This is a small-scale self-contained laboratory experiment. Impacts on the environment are not expected and no 
surface disturbance will occur. Groundwater collected from the Knoxville Mine site will be used in the column 
experiments conducted in the laboratory on Homestake Mining Company property. 

If YES to # 1, what is the proposed land use change or  restriction under the proposal? 

If YES to # 1, is the land currently under a Williamson Act contract? 

YES 

If YES to # 1, answer the following: 

NO 

Current land use 
Current mning 
Current general plan designation 

Department of Conservation Important Farmland Maps? 
If YES to #I, is the land classified as Prime Farmland, Farmland of Statewide Importance or  Unique Farmland on the 

YES NO DON’T KNOW 
, 

If YES to # 1, how many acres of land will be subject to physical change or land use restrictions under the proposal? 

If YES to # 1, is the property currently being commercially farmed or g r a d ?  

__ 
YES NO 

If YES to #8. what are the number of employeeslacre 
the total number of employees 



10. Will the applicant acquire any interest in land under the proposal (fee title or a conservation easement)? 

YES NO 

11. What entitylorganization will hold the interest? 

12. If YES to # 10, answer the following: 

Total number of acres to be acquired under proposal 
Number of acres to be acquired in fee 
Number of acres to be subject to conservation easement 

13. For all proposals involving physical changes to the land or restriction in land use, describe what entity or organization 
will: 

manage the properly 

provide operations and maintenance services 

conduct monitoring 

14. For land acquisitions (fee title or easements), will existing water rights also be acquired? 

YES 
- 
NO 

15. Does the applicant propose any modifications to the water right or change in the delivery of the water? 

YES 
-Xp 
NO 

16. If YES to # 15, describe 



APPLICATION FOR 
FEDERAL ASSISTANCE 

OM8 Approval No. 0348-0043 

2. DATE SUBMITIED Applicant,Identifier 

12 Mav 2000 
. TYPE OF SUBMISSION: State Application Identifier 3. DATE RECEIVED BY STATE 

d A plication jpreapplication 

0 Non-Construction 

I 
i Nan-ConstNction 

Construction i Construction Federal Identifier 4. DATE RECEIVED BY FEDERAL AGENCY 

. APPLICANT INFORMATION 
egal Name: Organizational Unit: 

university of Waterloo 

Technical.:mvid Blowes (519)838-4567 ext4871 Waterloo, OntKio N2L 3Gl 
200 University Avenue 

institute for Groundwater Research 
,ddress (give city, county, State, andzip code): Name and telephone number of person to be contacted on matters involvir 

this application(give area code) 

Canada pmnin:Judv Brown (519) 888-4567 ext202: 
,. EMPLOYER IDENTIFICATION NUMBER (€IN): 7. N P E  OF APPLICANT: (enterappropriate lener in box) 

ppJ -mpjqrqqqT A. State 
I. N P E  OF APPLICATION E. County 

H. Independent School Dist. 
I. State Controlled Institution of Higher Learning 

C. Municipal 
D. Township 

J. Private University 
K. Indian Tribe 

E. Interstate L. Individual 
F. Intermunicipal M. Profit Organization 
G. Speciai District N .  Other (Specity) 

New Continuation Revision 

I Revision, enter appropriate leUer(s) in box(es) 00 
A. Increase Award E. Decrease Award C. Increase Duration 
D. Decrease Duration Other(specifyl: 

9. NAME OF FEDERAL AGENCY: 

CALFED 

Io. CATALOG OF FEDERAL DOMESTIC ASSISTANCE NUMBER: 11. DESCRIPTIVE TITLE OF APPLICANTS PROJECT 

r l r l -  rjF1 ~ntminant-source control in the watershed 

TITLE: mercury from groundwater using pmeable  
m evaluation of  the in situ remval of 

12. AREAS AFFECTED BY PROJECT(C1ties. Counties, States, etc.): reactive barrier (PRns) 

13. PROPOSED PROJECT 14. CONGRESSIONAL DISTRICTS O F  

Start Date Ending Date a. Appiicant jb. Project 
l;.Feb 2001 1 Jan2002 
15. ESTIMATED FUNDING: 

5 

16. IS APPLICATION SUBJECT TO REVIEW BY STATE EXECUTIVE 

ORDER 12372 PROCESS? 
3. Federal $ 00 

a. YES. THIS PREAPPLlCATlONiAPPLlCATlON WAS MADE 

b. Applicant $ 00 AVAILABLE TO THE STATE EXECUTIVE ORDER 12372 
, PROCESS FOR REVIEW ON: 

C~ state 00 

b. No. 0 PROGRAM is NOT COVERED BY E. 0. 12372 

e. Other ~ - ~ a ~  
f. Program Income 

Iil-Kind ~~. . 
$ 

g. TOTAL 

.$ 

16,500 OR PROGRAM HAS NOT BEEN SELECTED BY STATE 
FOR REVIEW 

~~ 

00 

17. IS THE APPLICANT DELINQUENT ON ANY FEDERAL DEBT? 

$ 208,235 0 Yes If "Yes," attach an explanation. No 
I I 

18. TO THE BEST OF MY KNOWLEDGE AND BELIEF, ALL DATA IN THIS APPLlCATlONlPREAPPLlCATlON ARE TRUE AND CORRECT, THE 
DOCUMENT HAS BEEN DULY AUTHORIZED BY THE GOVERNING BODY OF THE APPLICANT AND THE APPLICANT WILL COMPLY WITH THE 

C S WARDED. 

orized Representative 

Circular A-102 



STATEOFCALIFORNIA 

NONDISCRIMINATION COMPLIANCE STATEMENT 
STO. 19 [REV. 3-95) 

COMPANY NAME UNIVERSITY OF WATERLOO, Waterloo, Ontario, Canada 

The company named above (herinafter referred to as "prospective contractor") hereby certifies, unless 

specifically exempted, compliance with Government Code Section 12990 (a-f) and California Code of 

Regulations, Title 2, Division 4, Chapter 5 in matters relating to reporting requirements and the 

development, implementation and maintenance of a Nondiscrimination Program. Prospective contractor 

agrees not to unlawfully discriminate, harass or allow harassment against any employee or applicant for 

employment because of sex, race, color, ancestry, religious creed, national origin, physical disability 

(including HIV and AIDS), medical condition (cancer), age (over 40), marital status, denial of family 

care leave and denial of pregnancy disability leave. 

CERTIFICATION 

I,  the oflcial named below, hereby swear that I am d d y  authorized to legally bind the prospective 

date and in the county below, is made under penalty of perjury under the laws of the State of 
contractor to the above described certijication. I am fidly aware that this certification, executed on the 

California. 

OFFICIACS NAME BRENDA flEBNER 
Manaaer Contrads/ 

DATEEXECUTED Industrial Grants EXECUTEDIN THE COUNTY OF 

PROSPECTIVECONTRACTORS SIGNATURE 

, h-. 
PROSPECTlVECONTRACTOR'STlTLE iT/ 1 



U.S. Department of the Interior 

Certifications Regarding Debarment, Suspension and 
Other Responsibil i ty Matters, Drug-Free Workplace 

Requirements and  Lobbying 

referenced below for complete instructions: 
Persons signing this form should refer to the regulations C a W i i n  Regarding Debarment, Suspension, Ineligibility and 

Voluntaw Exclusion - Lower Tier Covered Transactions - See 

Certification Regarding Debarment, Suspension, and Other 
Responsibility Matters - Primary Covered Transactions -The 

this proposal that it wi l l  include the clause titled, 
pmspg t i vempar t i c i pan t  further agrees by submitting 

andVoluntvyEadusion -Lower Tier Covered Transaction," 
TCemficaIjonReqadingDebarment, Suspension, Ineligibility 

d k a n s a c t i o n ,  without modification, in all lower tier 
provided by the department or agency entering into this 

m d  transactions and in all solicitations for lower tier 
mdhansac t ions .  See below for language to be used; use 
this form for certification and sion: or use Deoartment of the 
Ik~krForm 1954 (Dl-1954). (SeeAppendix A bf Subpart D of 
43 CFR Part 12.) 

Appendix B of Subpart D of 43 CFR Part 12.) 

Pnanate I. (Grantees OtherThan Individuals) and Alternate I /_  
Certification Regarding Drug-Free Workplace Requirements - 

(GmtesWho are Individuals) - (See Appendix C of Subpart D 
of 43 CFR Part 12.) 

SQmhrecn this form provides for compliance with certification 

sMte treated as a material representation of fact upon which 
cwiwnents under 43 CFR Parts 12 and 18. The certifications 

&mixs to  award the covered transaction, grant, cooperative 
reliance will be placed when the Department of the Interior 

agreement or loan. 

P A R T A  Certification Regarding Debarment, Suspension, and  Other Responsibi l i ty Matters - 
Primary Covered Transactions 

CHECK- IF THIS CERTIFICATION IS FORA PRIMARY COVERED TRANSACTIONAND IS APPLICABLE 

(1) The prospective primary participant certifies to the best of its knowledge and belief, that it and its principals: 

(a) Prextpesedetmed, suspended, proposed for debarment, declared ineligible, or voluntarily excluded from covered 
transactions by any Federal department or agency; 

(b) Haverd'dhnaG-reeyearpeial preceding this proposal been convicted of or had a civil judgment rendered against them 
fcrmmission of fraud or a criminal offense in connection with obtaining, attempting to obtain, or performing a public 
(Feded SMecrbcd)hsaction or contract under a public transaction; violation of Federal or State antitrust statutes or 
mnmksiidembenlsnent, theft, forgely, bribery, falsification or destruction of records, making false statements, or 
receiving stolen property; 

(c) Prendpesmty i-dctdfctcrdhewise criminally or civilly charged by a governmental entity (Federal, State or local)+,ith 
commission of any of the offenses enumerated in paragraph (l)(b) of this certification; and 

(d) Havemt'dhnatheyear period preceding this applicationlproposal had one or more public transactions (Federal, State 
or local) terminated for cause or default. 

( 2 )  MUElepo;pedive primary participant is unable to certify to any of the statements in this certification, such prospecbe 
participant shall attach an explanation to this proposal. 

\ 

P A R T B  Certification Regarding Debarment, Suspension, lnel igibi l i tyand Voluntary Exclusion - 
Lower Tier Covered Transactions 

~ ~~~~~~ 

CHECK- IF THIS CERTIFICATION IS FORA LOWER TIER COVERED TR4NSACTIONAND IS APPLICABLE. 

(1) ?hepcspectwelanerkp3tk~catfies, by submission of this ploposal. that neither it nor its principals is presently debarred, 
SuSFaded, proposed for debarment, declared ineligible, or voluntarily excluded from participation in this transaction by any 
Federal department or agency. 

(2) Wmethqmp3iebwer  tier participant is unable to certify to any of the statements in this certification, such prospective 
participant shall attach an explanation to this proposal. 

01-2010 
Match 1995 
(This form consolidates 01-1953, Dl-1954 
01-1955.Dld956 and 01.1963) 



P A R T C  Certification Regarding Drug-Free Workplace Requirements 

CHECK- IF THIS CERTlFlCATlON IS FOR AN APPLICANT WHO IS NOTAN'INDIVIDUAL. 

Alternate I. (Grantees Other Than Individuals) 

A. The grantee certifies that it will or continue to provide a drug-free workplace by: 

(a) P.tfjh?gastatementmtifying employees that the unlawful manufacture, distribution. dispensing, possession, or use of a 

for violation of such prohibition; 
colhdedshstaxeispohibited in the grantee's workplace and specifying the actions that will be taken against employees 

(b) Establishing an ongoing drug-free awareness program to inform employees about- 
(1) The dangers of drug abuse in the workplace; 
(2) The grantee's policy of maintaining a dNg-free workplace; 
(3) Any available drug counseling. rehabilitation, and employee assistance programs; and 
(4) The penalties that may be imposed upon employees for drug abuse violations occurring in the workplace; 

(c) MMiitaqiwnenttMateach employee to beengaged in the performance of the grant be given a copy of the statement 
required by paragraph (a); 

(d) Ntiiyyingthem@yee in the statement required by paragraph (a) that, as a condition of employment under the grant, the 
employee will - 
(1) Abide by the terms of the statement; and 
(2) N d y  them@y~nrdigd his or her conviction for a violation of a criminal drug statute occurring in the workplae 

no later than f ive calendar days after such conviction; 

(e) N c t f y ' q t h e w  nwriting, within ten cakndar days after receiving notice under subparagraph (d)(2) from an employee 
c r d k n k e d i n g  actual notice of such conviction. Employers of convicted employees must provide notice, including pihe toemy g;nt officer on whose grant activity the convicted employee was working, unless the Federal agency 
hasdgiedacgmdp&fathe!eceipt of such notices. Notice shall incbde the identification number@) of each affected 
grant; 

(f) T a k i - g c n e d t k f c h k g ~ s ,  within 30 cakndar days of receiving notice under subparagraph (d)(2). with respect to any 
employee who is so convicted - 
(1) Takngqpropriate personnel action against such an employee, up to and including termination, consistent with the 

(2) Rq~~sxhmgnFbyeetoparticipate satisfactorily in a drugabuse assistance or rehabilitation program approved for 
requirements of the Rehabilitation Act of 1973, as amended; or 

such purposes by a Federal, State, or local health, law enforcement, or other appropriate agency; 

(9) bM-gagtcdfalheffattoc&he to maintain a drug-free workplace though implementation of paragraphs (a), (b), (c). (d), 
(e) and (f). 

B. Ihegxteemay isertnthespacepwidedbziow the site(s) for the performance of workdone in connection with the specific grant: 

Place Of Performance (Street address, city, county, state, zip code) 

Check - if there are workplaces on file that are not identified here. 

PARTD: Certification Regarding Drug-Free Workplace Requirements 
~~~~~~~~~~~~ ~~ ~ ~ 

CHECK- IF THIS CERTlFlCATlON IS FOR AN APPLICANT W O  IS AN INDIVIDUAL. 

~ ~~~~ ~~ ~~ 

Alternate 11.  (Grantees Who Are Indivduals) 

(a) Iheyate certifies that, as a condition of the grant, he or she will not engage in the unlawful manufacture, distributioo 
dispensing, possession, or use of a controlled substance in conducting any activity with the grant; 

(b) If m i c t e d d a d m i d q d f e n s e  resulting from a violation occurring during the conduct of any grant activity, he orshe 
rArepatth?mict&rnvdiq, within 10 cakndar days of the conviction, to the grant officer or other designee. unless the 

include the identification number(s) of each affected grant. 
Fededagencydg@etesacmbA point for the receipt of such notices. M e n  notice is made to such a central point, it shall 

Dl-2010 
b~rc h 1995 
(This form consolidates Dl-1953. Dl-1954, 
Dl-1955. Dl-1956 and Dl-1963) 



PARTE: Certif ication Regarding Lobbying 
Certif ication for Contracts, Grants, Loans, and Cooperat ive Agreements 

THEAMOUNTMCEEDS SIOO.OOO: A FEDERAL GRANTOR ~ ~ ~ P E R A ~ ~ E A G R E E M E N T  
CHECK&CERnFICATION IS FOR THE AWARD OFANY OF THE FOLLOWING AND 

SUBCON7R4CT, OR SUBGRANT UNDER THE GRANTOR COOPERATIVE AGREEMENT. 

CHECK- IF CERTIFICATION IS FOR THE AWARD OFA FEDERAL 
LOANM~EEDING THEAMOUNTOF$150,000, ORA SUBGRANTOR 

SUBCONTR4CTMCEEDING $100.000, UNDER THE LOAN. 

The undersigned certifies, to the best of his or her knowledge and belief, that: 

(1) NoFederdtFpcpiatedfunds have been paid orwill be paid, by or on behalf of the undersigned, to any person for influencing 
crattempikgtoifLRnceadficeror employee of anagency, a Member of Congress, and officer or employee of Congress, or 
anmFbyeedaMmherd&qpsn mnnection with the awarding of any Federal contract, the making of any Federal grant, 
themaking of any Federal loan, the entering into of any cooperative agreement, and the extension, continuation. renewal, 
amendment, or modification of any Federal contract, grant, loan, or cooperative agreement. 

(2) fayffrndsatherthtnFederalappropriated funds have been paid or will be paid to any person for influencing or attempting to 
i7fkmceadfcercrmFbyed~ agency, a Member of Congress. an officer or employee of Congress, or an employee of 
aNemterd Congress in connection with this Federal contract, grant, loan, or cooperative agreement, the undersigned shall 
complete and submit Standard Form-LLL, "Disclosure Form to Report Lobbying," in accordance with its instructions. 

(3) ThevdesigglsM require that the language of this certification be included in the award documents for all subawards at all 
t h s ( ~ s ~ , & g m + . s ,  and contracts under grants. loans, and cooperative agreements) and that all subrecipients 
shall certify accordingly. 

Th6 catificatimisamaterial representation of fact upon rhich reliance was placed when this transaction was made or enterd into. 
~issmdthi6cMkatim6apeequisie for making or entering into this transaction imposed by Sectionl352. title 31, US .  Code. 
Pny p x n v b f a i l s  to file the required certification shall be subject to a civil penalty of not less than $10,000 and not mme than 
$100,000 for each such failure. 

As the authorized certifying official, I hereby certify that the above specified certifications are true 

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL 

BRENDA HEBNER -' ' . L 

TYPED NAME AND TITLE I 
Industrial Grants 

Dl-2010 

Nsrch 1995 

Fhis  form consolidates Dl-1953. Dl-1954. 
Dl-1955. Dl-1956 and Dl-1963) 


